ABSTRACT
INTRODUCTION
Alloplasmic lines of common wheat with cytoplasm from Triticum timopheevi have been reported to exhibit reduced seed germination (Doig et al. 1975; Done and Whittington 1978; Tsunewaki et al. 1983 ) . This may be caused by specific nucleo-cytoplasmic interactions between timopheevi cytoplasm and the nuclei of some common wheat lines. Moreover, lowered seed viability is likely to be associated with pre-harvest seed sprouting. The relationship between pre-harvest seed sprouting and a-amylase activity has been studied (Bingham and Whitmore 1966; Olered and Jonsson 1970; Derera et al. 1977; Rai 1978; McCrate et al. 1981 ), but most of these studies were designed to detect quantitative differences of a-amylase activities between sprouting and non-sprouting lines. A qualitative study of a-amylase isozymes is necessary to show whether or not genetic mechanism (s) influences pre-harvest seed 1) Contribution from the Laboratory of Genetics, Faculty of Agriculture, Kyoto University, Japan, No. 453. The work was supported in part by a Grant-in-Aid for Scientific Researches (No. 56440001; Principal investigator K. Tsunewaki) from the Ministry of Education, Science and Culture, Japan.
2) Present address: Yanagi-Gakuen,1-9 Shimogamo, Sumoto-shi, Hyogo-ken 656 sprouting. It has been reported that there are variations in a-amylase isozymes among wheat cultivars as well as among wheat relatives (Nishikawa and Nobuhara 1971; Nishikawa et at. 1981) . Also, a-amylase isozymes during early developmental stages of seeds have shown to be different from those in germinating seeds (Daussant and Renard 1972; Nishikawa et at. 1978) .
The present investigation was conducted in order to detect the cytoplasmic effect upon the expression of a-amylase isozymes and to better understand the relationship between a-amylase and pre-harvest seed sprouting caused by the timopheevi cytoplasm.
MATERIALS AND METHODS
Alloplasmic lines of Triticum aestivum L. var. erythrospermum, cv. Chinese Spring and cv. 5-615 with the cytoplasm of T. timopheevi Zhuk. were used, and are hereafter abbreviated (timopheevi) -Tve, -CS and -5615, respectively. All of the alloplasmic lines were established by the recurrent backcross method (Tsunewaki et at. 1976 (Tsunewaki et at. , 1978 Tsunewaki 1980) . Tsunewaki et al. (1983) have shown that the Tve and 5615 genomes in the presence of timopheevi cytoplasm induce pre-harvest seed sprouting. Normal lines of Tve, CS and 5615 were used as controls.
Germinating seeds and immature seeds were examined by the disc-isoelectrof ocusing method. The germinating seeds were prepared as follows: Normally matured seeds were placed on wet filter paper for 48 hr, and the seeds selected were judged to be one day old seedlings. Some of the soaked seeds were kept for two, three, four or five days after germination. Immature seeds were collected on the 10th, 17th and 24th days after pollination, and then stored in a deep freezer adjusted at -20°C.
The disc-isoelectrof ocusing procedure employed was a modified version of the procedure of Nishikawa and Nobuhara (1971) . Two germinated or four immature seeds were homogenized in a porcelain mortar with 20 ml of TrisHCl buffer (pH 7.0, 0.05 M). The homogenate was centrifuged at 12,000 r.p.m. for 20 min at 0°C, and the supernatant used for electrophoresis was heated to 70°C for 17 min to inactivate ~3-amylase. To make a pH-gradient of the separation gel, ampholine (pH 5-8) made of 5% acrylamide (Table 1) was placed into a glass tube 90 mm in length (fitted with the gel from its bottom to 80 mm) and 5 mm in diameter. The sample solution (ca. 0.5 ml) was placed on the top of the gel. The anodic and catholic solutions were 0.2 M acetic acid containing 0.01 M calcium acetate, and 0.2 M ethylene diamine, respectively. Electrophoresis was performed for 3 hr at 3°C. Voltage across the gel was constantly 200 V. The gel columns were then removed from the glass tubes, placed side by side on a modified acrylamide-starch film (Table 1) of Doane (1967) , and incubated for 11 min (germinating seeds) or 17 min (imma-ture seeds) at 37°C. Then this film was immersed in 7% acetic acid containing Lugol's solution. With such a treatment, colorless bands on a blue background appeared at positions exactly corresponding to individual a-amylase bands in the separation gels.
RESULTS
Photographs of the a-amylase zymograms from mature seeds (four days after germination) and from immature seeds (10 days after pollination) are presented in Fig. 1 .
Mature seeds after germination
The band patterns of a-amylase isozymes of the seeds are illustrated in Fig. 2 .
One day after germination: In the catholic side, six bands that correspond to bands 1, 2, 4, 5, 7 and 9 of Nishikawa and Nobuhara (1971) appear in all the lines tested. In the anodic side, however, (timopheevi)-5615 and -Tve have three bands (11,13 and 15) and five bands (11, 12, 13, 14 and 15), respectively, while the other lines have no bands.
Two days after germination: Three anodic bands (11,13 and 15) are found in all lines, except for normal CS which does not show any anodic bands. In addition, normal 5615 and Tve have band 12, and (timopheevi)-5615 and -Tve have bands 12 and 14. All lines show identical zymograms consisting of nine catholic bands 1-9.
Three days after germination: Four lines, i.e., normal and (timopheevi)-S615, and normal and (timopheevi)-Tve, have all five anodic bands (11-15) , while normal CS lacks two bands, 12 and 14, and (timopheevi)-CS lacks band 14. This indicates that band 12 newly appears in (timopheevi) -CS, and band 14 in normal 5615 and Tve. On the other hand, all lines show identical patterns consisting of nine catholic bands, 1-9, as was observed two days after germination. Four and five days after germination; The band patterns are the same as was observed after three days in all lines in both the sides of the gel. No additional bands appear thereafter.
Bands 12 and 14 do not appear in normal CS, and band 14 does not appear in (timopheevi) -CS even after five days of germination.
The approximate pH values of the cathodic bands (nos. 1-9) range from 7.1 to 6.3, and those of the anodic bands (nos. 11-15) from 5.7 to 5.3 (Nishikawa and Nobuhara 1971) . Fig. 3 illustrates a-amylase profiles from immature seeds. The seeds 10 and 17 days after pollination show three anodic bands, 11,13 and 15, that are invariably found in all lines, but do not show any catholic bands. No bands are observed in the seeds 24 days after pollination from any of the lines except (timopheevi) -Tve. In this line, some of the seeds show five anodic bands, possibly corresponding to bands 11, and 15, and two catholic bands that can not be identified. 
Immature seeds

DISCUSSION
Nishikawa and Nobuhara (1971) observed 13 different zymogram patterns of a-amylase isozymes in germinating seeds from cultivars of common wheat, among which 15 isozyme bands found were designated bands 1 to 15, according to their pH values from high to low. The structural genes specifying isozyme bands 1, 2, 3,11,13 and 15 are located on the 8 arm of chromosome 6D and the long arms of 6A, 6B, 7D, 7A and 7B, respectively. Also, genes for bands 10 and 14 are located on chromosomes 6B and 7B, respectively (Nishikawa et al. 1981 ), but genes specifying bands 4 to 9 and 12 have not yet been determined. These facts suggest that there are at least two triplicated genetic systems controlling a-amylase isozymes in common wheat; one is related to three homoeologous chromosomes of group 6, and the other to those of group 7.
The present study shows that the T. timopheevi cytoplasm exerts a consistent effect upon the isozyme patterns of germinating seeds. The five anodic isozyme bands, 11-15 (in CS four bands except for band 14) , always appear precociously in all of the alloplasmic lines having the timopheevi cytoplasm, although the time of appearance and activity differ among the three alloplasmic lines. Done and whittington (1978) reported that unsprouted grains harvested from male sterile lines with timopheevi cytoplasm germinate more rapidly than that from normal lines. They suggested that there may be less residual dormancy in the male sterile lines than the normal lines. Possibly, this is correlated with the precocious appearance of a-amylase isozymes (bands 11-15) controlled by the genes located on homoeologous chromosomes of group 7.
Immature seeds of CS were reported to show only three weak bands (11,13 and 15) in the anodic side (Nishikawa et al. 1978) . In the present study, all tested lines show the same band pattern in immature seeds harvested 10 and 17 days after pollination. It is well known that a-amylase is continuously inactivated during the early stages of seed development.
In seeds 24 days after pollination, no active bands are observed in most of the lines, except (timopheevi) -T ve which occasionally shows some active bands in both the anodic and catholic sides. Similarly, Rai (1978) reported that one alloplasmic line with timopheevi cytoplasm has higher a-amylase activity at the later ripening stages than has the normal lines. It is considered, therefore, that the T. timopheevi cytoplasm may disturb the regulatory mechanism of aamylase expression during seed development.
Such a disturbed regulation may induce the absence of seed dormancy, as suggested by Done and whittington (1978) . Because of this, when exposed to high humidity, the immature seeds from alloplasmic lines with timopheevi cytoplasm tend to remain enzymatically active. This physiological condition may lead to the induction of a new kind of a-amylase (such as the unidentified catholic isozymes in seeds from (timopheevi) -Tve) , which may be the cause of pre-harvest seed sprouting,
